Study objective: To analyse the relation between preterm birth and working conditions in Europe using common measures of exposure and to test whether employment related risks varied by country of residence. Design: A case-control study in which cases included all consecutive singleton preterm births and controls included one of every ten singleton term births in each participating maternity unit. Data about working conditions were obtained by interview from women after delivery. Setting: Sixteen European countries. Participants: The analysis included 5145 preterm and 7911 term births of which 2369 preterm and 4098 term births were to women employed during pregnancy. Analyses of working conditions were carried out for women working through at least the third month of pregnancy. Main results: Employed women did not have an excess risk of preterm birth. Among working women, a moderate excess risk was observed for women working more than 42 hours a week (OR = 1.33, CI = 1.1 to 1.6), standing more than six hours a day (OR = 1.26, CI = 1.1 to 1.5), and for women with low job satisfaction (OR = 1.27, CI = 1.1 to 1.5). There were stronger links in countries with a lower overall level of perinatal health and a common practice of long prenatal leaves. Conclusion: These findings show that specific working conditions affect the risk of preterm birth. They also suggest employment related risks could be mediated by the social and legislative context. S tudies on the relation between employment and preterm delivery have yielded contradictory results.
S
tudies on the relation between employment and preterm delivery have yielded contradictory results. 1 The decision to work during pregnancy reflects a large variety of factors such as education, social support, and health status that are independently linked to the risks of preterm birth. [2] [3] [4] In many studies, women who are employed have a lower risk of preterm birth than women who are not employed. 1 2 5 None the less, a broad range of studies have found that certain working conditions, in particular physically strenuous or fatiguing work, increase the risk of preterm birth. 6 Identifying employment related risk factors for preterm delivery is of particular importance because these risks are amenable to change through policies granting work leaves or modifying working conditions during pregnancy. In contrast, most other risk factors for preterm birth cannot easily be changed.
Studies of working conditions and pregnancy outcomes have not always identified the same working conditions as high risk and some studies have found no relation with preterm birth. [7] [8] [9] The variability in study results could be attributable to the use of different measures of working conditions, different methods of collecting data on exposure (prospectively or retrospectively), or the choice of sociodemographic control variables. Adjusting for sociodemographic characteristics affects measures of risk levels considerably, as occupational category is highly related to social characteristics. 4 Another possible source of variation between studies is the legislative and social context. If women with high risk pregnancies are granted leaves early in pregnancy then levels of exposure in the population of pregnant women will be lower. This could have the effect of attenuating observable effects. In French studies on work and preterm birth, for instance, the magnitude of the risk associated with certain working conditions is lower in studies done in the 1980s than those from the 1970s, which could be related to the increasing of leaves during pregnancy. 10 Social context may also influence employment related risks in broader ways, by determining the characteristics of the population of women who do work (related to unemployment benefits or economic pressures), by affecting social support outside of the work place or because of an interaction of these risks with the general standards of living of the working population. These hypotheses are difficult to address in most studies. For instance, because women with high risk pregnancies are both more likely to stop work and more likely to deliver before term, testing the impact of pregnancy leave policies on preterm birth on an individual level is difficult. 11 Similarly, variability in community characteristics is necessary for measuring the impact of social context on risk. Comparing risk levels between groups of countries is one approach that can be used to explore these questions. 12 The Europop study aimed to derive common measures of the impact of employment conditions on preterm birth in Europe using comparable measures of these conditions. The European context is of interest because most countries have implemented social policies granting women paid leaves in pregnancy and limiting exposure to onerous working conditions during pregnancy. 13 The Europop study included 17 European countries, making it possible to analyse further the variation in risk in subgroups of countries defined in relation to levels of infant mortality and practices related to leave in pregnancy. 
METHODS

The survey
The Europop study is an unmatched case-control study that was conducted between 1994 and 1997 using the same protocol in participating maternity units in 17 European countries: Finland, France, Germany, Greece, Hungary, Ireland, Italy, Poland, Slovenia, Scotland, Spain, Sweden, the Czech Republic, the Netherlands, Romania, Russia, and Turkey. Cases were all consecutive singleton preterm deliveries (22-36 completed weeks of gestation) over the study period. The control group included every tenth consecutive full term singleton birth (37 weeks of gestation or over) over the same period. Data collection took place over one year or until 200 cases had been included. Classification was based on obstetric estimation of gestational age using ultrasound examination and the timing of the last menstrual period. Data from Turkey were excluded because the control group was incomplete. Stillbirths were included in the survey, except in Scotland where data were collected only for live births.
Data were collected in all countries using the same questionnaire, previously published elsewhere.
14 Information on social and demographic characteristics, occupation, working conditions, and obstetric history was obtained by interview with the woman at the maternity ward after the delivery, while information on the pregnancy, delivery, the vital status of the newborn or the fetus, and gestational age at delivery was extracted directly from medical records.
Indicators included in the analysis
The dependent variable was preterm birth. Employment status and working conditions were the explanatory factors under investigation. Women who worked at any time during pregnancy (defined as work other than housework) irrespective of duration and timing were defined as employed. All other women were classified as non-employed.
Working conditions were ascertained for the first three months of the pregnancy. Occupation was coded using the International Standard Classification of Occupations, ISCO-88. 15 The variables describing working conditions, presented by category in table 1, included the daily time commuting from home to work, weekly working hours, night work, shift work, standing position, strenuous postures (bending, twisting, kneeling, squatting or holding arms at shoulder level or above), carrying heavy loads, work with industrial machines, assembly line work, work with a video display monitor, some specific exposures such as ionising radiation, biological substances (blood, animal bodies, infectious materials), suspected mutagenic chemicals (anaesthetic gases, solvents, disinfectant substances, antineoplastic drugs), paints or heavy metals (paints, dyes, mercury, lead, cadmium), noise (measured by the following question: ''At work were you exposed to noise so loud that you had to raise your voice to talk to people?''; women who answered occasionally, often, or very often were considered as exposed), some indicators of mental loads such as work at high speed, repetitive work, lack of pause (no rest room or other pauses at own convenience), lack of autonomy (no choice concerning the order of the tasks, the method of work or the speed or rate of work), and a global indicator of satisfaction with the job.
The analysis included the following confounding factors: maternal age (coded as under 20, 20-24, 25-29, 30-34, and 35 or over); women's educational level defined as age at the end of schooling (under 16, 16 or 17, 18 or 19, and 20 or over); marital status (women living without partner, cohabiting unmarried women, and married women); and obstetric history (primigravidae, multigravidae without previous abortion nor preterm birth, multigravidae with previous first trimester abortion, multigravidae with previous preterm delivery or second trimestrer abortion). The country of residence was included as a dummy variable in all multivariate models.
Definition of sample for analyses
The study included 5456 cases and 8254 controls. Subjects with missing data on employment status were excluded, leaving a final sample of 5145 preterm births and 7911 term births of which 2801 and 4614 respectively were to mothers employed at any time during pregnancy. For the analysis of working conditions, however, we included only women who worked for at least three months from the start of pregnancy, based on the assumption that there is a minimum duration of exposure before a working condition becomes a risk factor for preterm birth. The final sample for the analysis of the relation between working conditions and preterm birth thus included 2369 preterm births and 4098 term births to women who were still working after the third month of pregnancy. Sample sizes varied slightly from one variable to another because of missing data on specific working conditions, as shown in table 1.
Statistical analyses
The preterm births group was compared with controls for all working situations by simple bivariate analyses, using a x 2 test. To control for confounding factors, logistic regression models were run separately for each measure of work conditions adjusting for confounders.
We also explored the relation between preterm birth and working conditions within subgroups of countries. We stratified our data according two criteria. The first criterion we used was the infant mortality rate. This indicator, external to the survey, is an indicator of health status, especially in the perinatal period, as well as of economic and social conditions. We separated the four countries-Hungary, Poland, Romania, and Russia-that had an infant mortality rate higher than 10.0 infant deaths per 1000 live births 16 in 1995 Table 2 Adjusted odds ratios of preterm birth related to working conditions in three subgroups of countries (labelled B countries) from the other 12 countries (labelled A countries). For the A countries, the infant mortality rate varied from 3.9 (in Finland) to 7.9 (in Greece) per 1000 live births. The second criterion was an indicator of social context related to our subject: practices concerning work leave during pregnancy. Individual level variables could not be used to measure the impact of work leave policies on risks because of the selection bias associated with stopping work. This ''healthy pregnancy'' effect was evident in this sample: 35% of controls stopped work before the third trimester compared with 52% of cases. A variable was defined at the country level as the percentage of women in the Europop control group who had stopped working before the end of the second trimester of pregnancy. Comparable data on work leave practices during pregnancy were not available from external sources. In the Europop sample, there was a considerable difference in practices concerning work leave among controls in the A countries allowing us to constitute two distinct groups. In group one, those with frequent long prenatal leaves, between one third and two thirds of working women had stopped before the third trimester (average for the group 44%). In group A2, where long prenatal leaves were less frequent, between 11% and 22% of women had stopped before the third trimester (average for the group 16%). Group A1 included France, Germany, Italy, Slovenia, and the Czech Republic-and group A2 Finland, Greece, Ireland, Scotland, Spain, Sweden, and the Netherlands. There was not sufficient variability to carry out this analysis in the four B countries where about half of women had not worked during the third trimester. In each subgroup, we performed logistic regression models for each work factor with a p value lower than 0.10 in the first set of analyses.
All p values were for two tailed tests. The analysis was performed using SAS statistical software.
RESULTS
Fifty four per cent of women who had a preterm birth were employed during pregnancy compared with 58.3% in the control group (OR = 0.85, 95% confidence intervals: 0.80 to 0.92, p,0.001). After adjustment for confounding factors, the difference was no longer significant, with an odds ratio for employment during pregnancy of 0.93 (95% CI: 0.86 to 1.01). Table 1 describes the relation between working conditions and preterm birth among women working for more than three months from the start of pregnancy. After adjustment, other manual workers, a category that includes industrial, agricultural, and unskilled workers had an excess of preterm births compared with professionals and associates. Women working long hours (more than 42 hours, compared with 30-39 hours), those working in a standing position for more than six hours a day, and women reporting dissatisfaction towards their job also had a significantly higher risk. No other working conditions were related to an excess risk of preterm birth. Work with a video display monitor was highly significant and protective for preterm birth in univariate analysis, but is no longer significant after adjustment. For working situations negatively related to preterm birth, the magnitude of the associations was moderate with adjusted odds ratios about 1.3 or less.
The relation between preterm birth and occupational conditions was not the same in all subgroups of countries as shown in table 2. Other manual workers had increased odds ratios in all countries, although in countries A2 and B the confidence interval included 1. In the B countries, service and sales workers also had increased odds of preterm delivery. Relative risks related to long working hours and long standing position were highest in B countries, with odds ratios over 1.5. In the B countries, an excess risk was observed for women having to work 40 to 42 hours a week as well as women working over 42 hours. In contrast, no excess risk was observed related to these working conditions in A1 countries. In the A2 countries, the situation was intermediate with odds ratios higher than unity. The relation between preterm birth and work with visual display unit was insignificant in all three groups of countries. Women who reported no autonomy at work had a slight excess risk of preterm birth in the A countries, that was not observed in the B countries. Dissatisfaction towards the job was significantly related to the outcome in the A1 countries, no difference was observed in the A2 countries and a slight excess, although insignificant, was reported in the B countries.
DISCUSSION
These results, obtained from a large European case-control study in the mid-90s, show a moderate excess risk of preterm birth for pregnant women employed as manual workers and for those working long hours, standing for long periods, and reporting dissatisfaction with their job. For long standing position and long working hours, the magnitude of the association was larger in the four countries of Eastern Europe, where the perinatal health status, measured by infant mortality, is not as good. In countries with lower infant mortality rates, no significant association was observed in the group of countries where women had longer prenatal leaves whereas significant associations were observed in countries where women worked longer in the pregnancy.
This study had a multicentre case-control design. Its strengths are the large numbers of preterm births, the diversity of participating centres and the use of a common protocol, including an identical instrument for collecting information on the characteristics of the sample and working conditions. The same questions were asked of all women concerning their employment conditions. The limitation of this study, however, is its case-control design: an information bias could exist if the mothers of preterm infants did not answer the questionnaire in the same way as controls.
In analyses, we were able to control for key confounding factors: maternal age, educational level, marital status, and obstetric history. These four factors are strongly related to preterm birth in this sample. 17 While employment during pregnancy was more frequent among controls than among cases, this was explained by differences in sociodemographic factors between the two groups. After adjustment, employment was not in itself a significant predictor of the risk of preterm birth. Controlling for sociodemographic factors is important for adjusting for differences in social status that could be associated with individual working conditions and preterm birth. For instance, the protective effect of work with video display monitors in univariate analyses seemed to be linked to the socioeconomic and demographic characteristics of the women working in jobs using computers; this effect was insignificant once adjustments were made for education and age.
Women considered as exposed for these analyses worked for at least the first three months of pregnancy. While the critical period of exposure may differ for specific working conditions, many of the working conditions studied in this analysis were related to physical exertion, postural constraints, fatigue, or psychological influences, for which duration of exposure would be important. The magnitude of the observed associations between working conditions and preterm birth was moderate: odds ratios were about 1.3 for individual working conditions and the thresholds at which an impact was observed was comparatively high. None the less, between 10% and 20% of women in the control population were exposed to these conditions during pregnancy.
The two individual working conditions that were associated with preterm birth, standing and long working hours, have been identified as risk factors in many other studies. 8 18-24 A recent meta-analysis of 29 studies on working conditions reported an OR of 1.25 for prolonged standing (defined as greater than three hours per day). 6 While individual studies have reported associations with long working hours, 19-21 24 the meta-analysis found no excess risk associated with long working hours. However, their definition of a long week was a working week over 39 hours. In our analyses, the excess risk associated with working hours was only observed for working weeks over 42 hours.
Some of the associations identified in the meta-analysis were not found in this sample, such as a higher risk for shift and night work. In the meta-analysis, common measures were: OR of 1.22 for physically demanding work, 1.24 for shift and night work, and 1.63 for cumulative fatigue. 6 Manual workers had a higher risk of preterm birth in our sample, but individual measures of physically demanding work (carrying loads, work at high speeds) were not associated with preterm birth.
Our results suggest that women dissatisfied with their jobs have an excess of preterm births. Measures of satisfaction are not usually included in studies on work and preterm birth, so it is difficult to compare this result with others. The results of studies on psychological stress at work and preterm birth are inconclusive, although most of them have not reported a significant link [25] [26] [27] as in this study, where no association is observed between preterm birth and repetitive work, work at high speed, or lack of autonomy. It is possible that job dissatisfaction is a global proxy for various negative situations. It is not clear why this relation is more pronounced in the A1 countries than in the other groups of countries.
The results of the analysis by groups of countries are consistent with our hypothesis that the social and legislative context has a role in determining the effects of individual level exposures on preterm delivery, although differences between groups were not statistically significant. The magnitude of the effect of working conditions was greatest in the countries of Eastern Europe (B countries). Service and sales workers also had a higher risk in these countries in addition to manual workers who were at greater risk in all three groups of countries. Service and sales workers have been found to be a group at higher risk of adverse perinatal outcomes in other research. 28 29 In addition, in the five countries with a low infant mortality rate and long prenatal leaves, standing and long working hours were not significantly related to the risk of preterm birth. This was not the case in the other group of countries, where long prenatal leaves were less frequent.
One hypothesis was that implementing policies to limit work related health risks would attenuate the impact of these risks. This interpretation has been put forth to explain the absence of an effect in Swedish studies of working conditions and pregnancy outcomes 7 30 as well as the changing impact of working conditions on preterm birth in France. 10 This hypothesis would not be sufficient to explain differences between A and B countries, as a significant proportion of pregnant women in the B countries stopped work in the second trimester of pregnancy. However, it is possible that the reasons for stopping work were not the same in these countries and that work leaves do not target populations at risk of preterm birth. 31 Alternatively, other community level factors, such as support at home or social and healthcare policies, could play a mediating part in determining exposure to employment related risks.
In conclusion, this study corroborates results from other studies in relation to specific employment conditions and the risk of preterm birth. It also suggests that conflicting findings from studies on this topic could be related to the social and legislative environment. Work leave policies and the impact of these policies on the population of women exposed to high risk employment conditions should be considered in future analyses.
